Identification of multiple folding pathways of monellin using pulsed thiol labeling and mass spectrometry.
Protein folding reactions often display multiexponential kinetics of changes in intrinsic optical signals, as a manifestation of heterogeneity, either on one folding pathway or on multiple folding pathways. Delineating the origin of this heterogeneity is difficult because different coexisting structural forms of a protein cannot be easily distinguished by optical probes. In this study, the complex folding reaction of single-chain monellin has been investigated using a pulsed thiol labeling (SX) methodology in conjunction with mass spectrometry, which measures the kinetics of burial of a cysteine side chain thiol during folding. Because it can directly distinguish between unfolded and folded molecules and can measure the disappearance of the former during folding, the pulsed SX methodology is an ideal method for investigating whether multiple pathways are operative during folding. The kinetics of burial of the C42 thiol of monellin was observed to follow biexponential kinetics. To determine whether this was because the fast phase leads to the partial protection of the thiol group in all the molecules or to complete protection in only a fraction of the molecules, the duration and intensity of the labeling pulse were varied. The observation that the extent of labeling did not vary with the duration of the pulse cannot be explained by a simple sequential folding mechanism. Two parallel folding pathways are shown to be operative, with one leading to the formation of thiol-protective structure more rapidly than the other.